Spinal vascular malformations are uncommon yet important spinal pathologies commonly classified in congenital and acquired lesions. Spinal lipomas consist of three subtypes: intramedullary lipomas, lipomyelo(meningo)celes and lipomas of the filum. Although the association of spinal arteriovenous malformations (AVM) with other congenital anomalies is well known, the coexistence of dural arteriovenous fistulas (AVF) and tethered spinal cord is exceptionally rare and only eight cases have been reported. We present two cases from our institution and speculate on the possible origin of such a rare but insidious association. We review the current literature with a focus on possible pitfalls in diagnosis and treatment.
Introduction
It is well known that spinal arteriovenous malformations (AVMs) may coexist with other malformations, including spinal intra-dural lipomas as well as more complex syndromic pictures; however, the association of a spinal arteriovenous fistula (AVF) and an intradural lipoma is very rare. When encountered, this unique association poses crucial issues about diagnosis and treatment of these co-existing lesions. We present two patients carrying this combination of findings and discuss its diagnostic and therapeutic relevance. Furthermore, even if the limited number of reported cases does not allow us to reach any conclusion on the nature of this association, we speculate on its possible reasons.
The patients have consented to submission of this case report to the journal.
Case 1
A 19-year-old man with history of complex congenital malformation with lumbo-sacral lipomyelomeningocele and cloacal exstrophy presented at our institution with a 1-year history of progressive bilateral leg weakness, increasing drug-resistant back pain, impaired gait, and nuchal headache. The patient had history of prior surgery: at age 6 the patient had partial resection of the lipomyelomeningocele and at age 7 the patient underwent complex pelvic surgery with bladder and anal reconstruction. Physical examination revealed severe paraparesis, bilateral club foot and slight bilateral triceps surae retraction. Magnetic resonance imaging (MRI) performed 3 months before presentation showed persistence of the subcutaneous lipoma, partial L2-L3 vertebral fusion and a marked syringomyelia of the tethered spinal cord. In addition, slight cord oedema was present. Given the increased symptoms, the patient was taken to surgery to de-tether the cord and remove the remaining lipoma. After placing the patient in prone position, L4-S1 laminectomy was performed and the cord was disconnected from the intradural mass with subsequent slight cord retraction. After surgery, the patient awoke plegic at his right lower limb and paretic at his left one; bowel and urinary control and bilateral lower limb sensitivity were preserved. He started rehabilitation to avoid complications connected to the immobilization and to recover a partial functional autonomy. MRI of the entire spinal cord was performed the next day, showing reduction of the syringomyelic cavity and presence of multiple serpiginous flow-voids adjacent to the surface of the spinal cord compatible with abnormally dilated peri-medullary veins and suggestive for underlying sacral dural fistula ( Figure 1 ).
Retrospective re-evaluation of patient's pre-operative MRI scan highlighted the presence of these multiple thin superficial flow-voids. Subsequently, the patient underwent a selective spinal angiography disclosing the presence of two fistulas: the largest one, located medially at S1-S3 level, consisted of two fistula points with arterial feeders coming from sacral branches of the middle sacral artery and lateral sacral branches of the left hypogastric artery; the second one, smaller and with very slow flow, was an L5-level fistula supplied by a sacral branch from the right hypogastric artery. Both fistulas drained into dilated peri-medullary veins. No connection with the anterior spinal artery was demonstrated (originating from T8 and S3 segmental arteries) and the two AVFs were classified as dural AVFs (type I). The first was occluded in the same session through Onyx injection; the second was embolized with PVA particles injection. At follow-up, soon after treatment, the patient was able to maintain the standing position with residual slight right leg paraparesis and left leg impairment; after 4 months he was able to walk using crutches. Sensitivity and bowel and urinary control were preserved. A follow-up MRI examination demonstrated marked reduction of the oedema and of the syringomyelia.
Case 2
A 53-year-old woman was referred to our institution for pain at lower limbs, spastic paraparesis and urinary retention with necessity of self-catheterization, after lumbar surgery was performed in another hospital 8 months before the symptoms, to remove a sacral lipomyelocele and to de-tether the spinal cord. The patient again underwent surgery a few weeks after the first intervention for a mild cerebrospinal fluid fistula. The patient had also history of surgery at 1 year of age with asportation of a sacral meningocele 'that was mistaken for a cyst'. At presentation to our institution, patient showed no bladder control, pathological patellar reflexes, inability to walk without crutches, spastic paraparesis, and dysesthesias. After careful reevaluation of a pre-operative lumbar spine MRI scan performed 2 years earlier, multiple thin peri-spinal flow-voids compatible with dilated peri-medullary veins together with slight cord oedema were visible ( Figure 2 ). We therefore decided to perform a selective spinal angiography, since these findings suggested a vascular malformation, namely a spinal dural AVF. The angiographic study ( Figure 2 ) revealed the presence of a dural AVF at S1 level, fed by a right sacral segmental branch and draining into ectatic peri-medullary veins.
This was treated by Onyx injection obtaining only incomplete occlusion because of the persistence of visualization of the vein drainage. A lumbo-sacral spinal surgery was soon performed: the lipoma was initially addressed and partially resected using an ultrasonic aspirator. Later, after isolation, the fistula was coagulated and divided (Figure 3 ). At follow-up, the patient showed persistence of spastic paraparesis and neurologic bladder with self-catheterization.
Discussion
Spinal AVMs constitute 3.4-11.5% of spinal cord pathological lesions. The first widely used classification of spinal AVMs included dural AVFs (Type I), intramedullary AVMs without (type II) or with extramedullary extension (Type III), and peri-medullary AVF (Type IV). A modified classification was later introduced by Spetzler et al. 1 to avoid misinterpretations associated with this current nomenclature: AVMs were separated from AVFs, and the latter were classified as extradural or intra-dural, with intra-dural fistulas further categorized as either dorsal or ventral. More recently, further classification schemes have been proposed in which a separation between sAVM and sAVF was maintained and in which the embryological origin of these shunts and their relationship to a possible underlying disease were considered. 2, 3 Spinal AVMs are thought to represent congenital anomalies since they are encountered early in life and may coexist with other congenital abnormalities, including cutaneous angiomas, vertebral anomalies and hemangiomas, Klippel-Trenaunay and Parkes-Weber syndromes, Rendu-Osler-Weber syndrome, Cobb's syndrome, and venous dysplasia. Sacral lipomas may be intramedullary, lipomyelo(meningo)celes or a lipoma of the filum terminale. Lipomyelomeningocele is a closed spinal dysraphism in which a subcutaneous lipoma is connected by a fibrous stalk to an intramedullary fat-containing mass through a posterior bony defect. Likewise, spinal AVMs are congenital but can manifest at any age. AVM and intramedullary lipoma or lipomyelomeningocele may be found in association, as they both probably originate from mesenchymal tissue that did not regress during the embryonic period. 4, 5 On the contrary, AVFs lack an association with other vascular and non-vascular malformations, develop later in life and may be associated with trauma or surgery, suggesting an acquired process. They are thought to become symptomatic from flow reversal in the peri-medullary veins that leads to venous hypertension and decreased spinal cord perfusion with consequent cord ischaemia. Low-back or radicular pain often precedes the onset of a gradually progressive myelopathy. Sometimes, rapid neurological decline is seen due to thrombosis or, most likely, hemodynamic failure that, in the case of a tethered cord surgery, may be due to an increased abdominal pressure from prolonged prone positioning; in fact, these patients commonly experience worsening of symptoms with changing posture or during physical exertion/ Valsalva manoeuvre. 6, 7 Although the association between AVM and spinal lipoma is well known in the literature, 8, 9, 10, 11 little is known about the AVF-lipomas association. Moreover, in some reported cases, lipomas were situated in anatomically different areas of the spine, namely cervical and thoracic, and only two described an intrathecal lipoma. Thus, the association of dural AVF and a lipomeningocele at the same level is exceptionally rare; to our knowledge, only eight similar cases have been reported in literature, mostly in adult patients (Table 1) . 4, [12] [13] [14] [15] [16] [17] [18] In the first case, we showed that this association may occur at the same level and in a very different age range, from very young adults to older patients.
The genesis of this coexistence is currently not clear, and the authors could so far only speculate on its nature. Some authors have suggested a possible mechanism of a cause-effect relationship between the two anomalies, based on the hypothesis that a lipomatous tissue lying in proximity or even attached to a site of dural defect may cause local hypervascularization and abnormal angiogenesis with consequent dural type I AVF. 10 Furthermore, a cause-effect relationship between a previous surgery and a cranial dural AVF is generally accepted and, according to some, probably mediated by a venous thrombosis. Yet, it has been previously reported that spinal dural AVF may occur as a long-term complication of lumbar surgery, as well that longstanding fistulas located in the epidural space may lately drain into the emissary-bridging veins and subsequently into the peri-medullary veins and cause symptoms. 19 We therefore cannot exclude the same relationship to be valid for both our cases, in the spinal compartment, since they both had a lumbar surgery in childhood. On the other hand, other authors have pointed out that, considering the limited number of reported cases of such association in the literature (eight cases) and the conspicuous number of detethered spinal lipomas at young age, it seems unlikely that this constitutes a direct complication of a previous surgery. 16 Furthermore, Cheung et al. proposed that the presence of a lipoma may further impair the drainage of a concomitant and independently formed fistula, leading to a precocious and increased symptomatology of the vascular malformation, thus excluding a causeeffect relationship. 12 Despite these contradicting observations, the limited number of reported cases does not allow us to make any conclusive statement on the possible pathogenesis of this association.
However, regardless of the genesis of this complex picture, it appears evident that there is a clinical overlap between the tethered cord syndrome and the classic clinical presentation of a spinal dural AVF, to the point that it is almost not possible to differentiate the two conditions based on symptoms alone: insidious onset of back pain, sensorimotor deficits, and bladder incontinence constitute common manifestations of both conditions. 7 Therefore, special attention should be given in carefully evaluating MRI images: on T2weighted images, the presence of tortuous flow-voids on the cord's surface is a suggestive sign of dilated vascular structures, as in AVM and AVFs. Contrastenhanced MRI may increase sensitivity in recognizing dilated slow-flow peri-medullary veins. 20 Nonetheless, spinal angiography remains the only reliable method of characterizing these lesions. In addition, when two lesions coexist, one of the two may be missed, especially if the clinical picture matches the more obvious one, due to a well-known phenomenon in evaluation of imaging study, the satisfaction error. 21 Therefore, the importance of identifying subtle features prompting the presence of a vascular malformation should be stressed, as a vascular malformation may worsen following surgical intervention. 22 Eventually, in such a clinical context, it is possible that signs and symptoms may be attributed to the most prominent lesion, for example the dysraphism, which we do not believe was the case in our patient, nor in patients reported in the literature. It appears clear from the analysis of reported cases that a misinterpretation of MRI findings was the most frequent cause of treatment failure. To conclude, it is not clear whether both lesions coexist congenitally or if a long-term tethering may cause the formation or accelerate the onset of a dural AVF. However, when evaluating adult patients with gradually ingravescent tethered cord-like symptoms, special attention should be taken in evaluating the presence of multiple associated flow-voids. In case of suspected dural AVF, angiography should be carried out to avoid possible dramatic complications of surgery. If correctly diagnosed, these lesions can be relatively easily managed with combined endovascular treatment and surgery.
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